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(71) We, TELECO INC., a corpora- 
tion organised and existing under the laws of 
the State of Delaware, United States of 
America, of 217 Smith Street, Middletown, 
5 Connecticut 06457, United States of Amer- 
ica, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed to be particularly described in 

IQ and by the following statemerit:- 

The present invention relates to rotation 
sensors and is particularly applicable to 
borehole drilling devices ihcludmg sensing 
and telemetering means for peripdically 

j5 sensing borehole parameters and generating 
output signals which are transmitted to the 
surface only when the drill string has ceased 
rotation or reached a predetermined low 
rate of rotation. 

20 In the field of borehole drilling, particu- 
larly oil and gas >yell drillirig, the usefulness 
of a system capable of detecting certain pa- 
rjameteirs at the bottom of a drill string and 
trahsniitting such data to the surface dtiring 

25 the course of drilling has long been reeog- 
• . nized':'"- ^ 

While some proj)p$kls and systems for 
borehole telemetry haVe involved arrange- 
ments where seh^or^^ packages are periocUc- 

30 ally lowered into and raise:d'from a well 
hole, by far the most preferred arrangement 
is to have the parameter sensing apparatus 
permanently^ at the bottom of the 

v^eilt prefe^ segrneint of the 

35 drill-^tirihg iahd: to transmit the data to the 
surface. Several syStems have been" prop- 
osed for accomplishing such sehsing and 
data transmission. One of the principal 
types of such systems is the mud pulse tele- 
40 metry system wherein pulses are generated 
in the mud column in the drill string for 
transmission of data to the surface. 

In the case of several classes of data, it is 
quite unnecessary to obtain readings more 
45 frequently than every 30 feet or so of depth 



of the well. This corresponds to readings ev- 
ery Va to IV^ hours at typical penetration 
rates of 120 feet per hour to 20 feet per 
hour. It therefore becomes desirable to turn 
off the downhole parameter sensing equip- 
ment during long periods of drilling to nlini- 
mise wear which would otherwise result 
from continuous operation of the parameter 
sensors. 

In order to determine the state of no rota- 
tion of the drill string, there is provided in 
accordance with the present invention a 
rotation sensor for sensing whein the rate of 
rotation of a rotatiable rhember in an 
ambient magnetic field falls below a prede- 
termined ininimum and for then activating a 
control mechanism, comprising a fluxgate 
magrietometier for generating an output sig- 
nal as a function of the angular relationship 
of the magnetometer to the direction of the 
ambient magnetic. field, said fluxgate mag- 
netometer being mounted for rotation with 
said rotable member,, means for generating 
and delivering an alternating; input signal to 
said fluxgate majgnetoineter, said fluxgate 
magnetometeir being arranged to produce 
when rotating a first output signal which is 
an even harmoriic of said input signal, a first 
detector connected to receive said first out- 
put signal, means for generating a reference 
signal of the frequency of said first output 
signal, said reference signal being delivered 
to said first detector, said detector being 
arrarig^d to compare t phases of said first 
output sigrial; and said reference signal and 
to generate a second output signal represen- 
tative of tlie phase differ eiice, the frequency 
of which being representative of . the rate of 
rotation of the rotable member, second de- 
tector means connected to receive said 
second output signal and arranged to gener- 
ate a third output signal each time said 
second output signal crosses a reference 
level, and signal generating means con- 
nected to receive said third output signal 
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and arranged to generate a fourth output 
signal when said third output signal occurs 
at a rate representative of a rate of rotation 
below said predetermined minimum. 
5 The invention also provides a method of 
sensing when the rate of rotation of a drill 
string in the earth's magnetic field falls be- 
low a predetermined minimum and for then 
activating parameter sensing means, comr 

10 prising the steps of rotating fluxgate rnagne- 
tometer means in the earth's magnetic field 
to generate an output signal as a function of 
the angular relationship of the magneto- 
meter means to the direction of the earth's 

15 magnetic field, delivering an input signal to 
said fluxgate magnetometer means, said 
fluxgate magnetometer means having a first 
output signal which is an even harmonic of 
said input signal , generating a reference sig- 

20 nal of the frequency of said first output sig- 
nal, comparing the phases of said first out- 
put signal and said reference signal and 
generating a second output signal represen- 
tative of the phase difference , the frequency 

25 of which is representative of the rate of rota- 
tion of the drill string, generating a third 
output signal each time said second output 
signal crosses a reference level, and generat- 
ing a fourth output signal when said third 

30 btitput signal occurs at a rate representative 
of a rate of rotation below said predeter- 
mined minimum. 

An embodiment of the invention will now 
be described by way of example with refer- 

35 ence to the accompanying drawings, in 
which: 

Figure 1 is a generalized schematic view 
of a borehole and drilling derrick showing 
an environment for the . present invention. 
40 Figure 2 is a view of a section of the drill 
string of Figure 1 showing, in schematic 
form, the drill string enyironment. 

Figure 3 is a view, partly in section, of a 
detail of Figure 2. r 
45 Figure 4 is a view of the fluxgate magneto- 
meiter of the TO tation sensor. 

Figure 5 is a block diagram of the rotation 
sensor. 

Figure 5 A is a schematic showing of the 
50 digital filter of Figure 5. 

Figures 6 A, 6B and 6C are curves show- 
ing putp>it^ at various stages of the rotation 
sensor of Figure 5. 

Referring now to Figure 1, the general en- 
55 vironnient is shown in which the present in- 
vention is employed. It will, however, be 
understood that the generalized showing of 
Figure 1 is only for the purpose of showing a 
representative environment in which the 
60 present invention may be used, and there is 
no intention to limit applicability of the pre- 
sent invention to the specific configuration 
of Figure 1. 

The drilling apparatus shown in Figure 1 
65 has a derrick 10 which supports a drill string 



or drill stem 12 which terminates in a drill 
bit 14. As is well known in the art, the entire 
drill string may rotate, or the drill string may 
be maintained stationary and only the drill 
bit rotated. The drill string 12 is made up of 
a series of interconnected segments, with 
new segments being added as the depth of 
the well increases. The drill string is sus- 
pended from a movable block 16 of a winch 
18, and the entire drill string is driven in 
rotation by a square kelly 20 which slidably 
passes through but is rotatably driven by the 
rotary table 22 at the foot of the derrick. A 
motor assembly 24 is connected to both op- 
erate winch 18 and rotatably drive rotary 
table 22. 

The lower part of the drill string may con- 
tain one or more segments 26 of a larger dia- 
meter than other segments of the drill 
string. As is well known in the art, these lar- 
ger segments may contain sensors and elec- 
tronic circuitry for sensors, and power 
sources, such as mud driven turbines which 
drive generators, to supply the electrical 
energy for sensing elements. A typical ex- 
ample of a system in which a mud turbine, 
generator and sensor elements are included 
in a lower segment 26 is shown in U.S. Pa- 
tent No. 3,693,428 to which reference is 
hereby made. 

Drill cuttings produced by the operation 
of drill bit 14 are carried away by a large 
mud stream rising up through the free annu- 
lar space 28 between the drill string and the 
wall 30 of the well. That mud is delivered via 
a pipe 32 to a filtering and decanting system , 
schematically shown as tank 34. The filtered 
mud is then sucked by a pump 36, provided 
with a pulsation absorber 38, and is deli- 
vered via line 40 under pressure to a revolv- 
ing injector head 42 and thence to the in- 
terior of drill string 12 to be delivered to 
drill bit 14 and the mud turbine if a mud tur- 
bine is included in the system . 

The mud column in drill string 12 also 
serves as the transmission niedium for ciar- 
rying signals of down the well drilling para- 
meters to the surface. This signal transmis- 
sion is accomplished by the well known 
technique of mud pulse generation whereby 
pressure pulses are generated in the mud 
column in arill string 12 representative of 
sensed parameters down the well. The drill- 
ing parameters are sensed in a sensor unit 44 
(see also Figure 2) in a drill collar unit 26 
near or adjacent to the drill bit. 

Pressure pulses are established in the mud 
stream in drill string 12, and these pressure 
pulses are received by a pressure transducer 
46 and then transmitted to a signal receiving 
unit 48 which may record, display and/or 
perform computations on the signals to pro- 
vide information of various conditions down 
the well. . 

Referring briefly to Figure 2, a schematic 
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system is shown of a drill string segment 26 
in which the mud pulses are generated. The 
mud flows through a variable flow orifice 50 
and is delivered to drive a turbine 52. The 
5 turbine powers a generator 54 which deliv- 
ers electrical power to the sensor in sensor 
unit 44. The output from sensor unit 44, 
which may be in the form of electrical or 
hydraulic or similar signals, operates a plun- 
10 ger 56 which varies the size of variable ori- 
fice 50, plunger 56 having a valve driver 57 
which may be hydraulically or electrically 
operated. Variations in the size of orifice 50 
create pressure pulses in the mud stream 
15 which are trahsiriitted to and sensed at the 
surface to provide indications of various 
conditions sensed by sensor unit 44. Mud 
flow is indicated by the arrows. 

For several classes of data or parameters 

20 to be sensed at the bottom of a well, it is 
quite unnecessary to sense the data and 
obtain readings more frequently than once 
every thirty feet or so of depth. This corres- 
ponds to readings every one quarter hour to 

25 one and one-half hour at typical drilling 
rates of one hundred twenty feet per hour to 
twenty feet per hour. It therefore becomes 
desirable to turn off the down hole sensing 
equipment during long peribds of drilling, 

30 thereby minimizing wear of the sensors, 
transmitter and other parts of the telemetry 
system which would otherwise result from 
continuous operation. The apparatus shown 
in Figures 3 - 6 is directed to this feature of 

35 turning off the parameter sensing equip- 
ment by sensing and distinguishing between 
periods of rotation and absence of rotation 
of the drill string. The system requires a 
T Otation sensor to detect jri ll string rotation 

40 "anffrnterrupt the deUyer^^ electncal pow- 
er to the well parameter sensors when the 
drill string is rotated, and, conversely, to 
permit the delivery of power to the well pa- 
rameter sensors when the drill;string is not 

45 rotated. A magnetic detecting dey ice which 
senses the earth's magnetic flux is used as a 
'liTfotatiori sensor to detect the presence or 

^^^^/absence of rotation of the drill string. This 
rotation sensor contains no moving parts, 

50 and, therefore, unlike other niotion sensors 
which may :contain;moving.elements, offers^ 
high reliabiUty notwithstanding exposure to 
meciianical shocks and vibrations. 

Referring now to Figurds 2 and 3, some 

55 details of a drill string segment 26 are shown 
housing a rotation sensor 58 in accordance 
with this invention. Since both the rotation 
sensor and one or more other sensors in sen- 
sor unit 44 are magnetically sensitive, the 

60 particular drill string segment 26 A which 
houses the rotating sensor and the other 
sensor elements must be non-magnetic sec- 
tion of the drill string, preferably of stainless 
steel or monel. The rotation sensor 58 may 

65 be incorporated in sensor unit 44 or may be 



separately packaged, and for the sake of 
convenience it is shown as part of sensor 
unit 44 in Figure 3. Sensor unit 44 is further 
encased within a non-magnetic pressure ves- 
sel 60 to protect and isolate the sensor unit 70 
from pressures down in the well. 

Referring to Figure 4, the rotation sensor 
58 is a ringcore fluxgate magnetometer 
which is used to determine the direction of 
the earth's magnetic field. Although theore- 75 
tically many other kinds of flux detecting de- 
vices could be used, the ring-core fluxgate 
magnetometer is used because of its low 
power consumption and its higged physical 
construction. Operation of 3ie ring-core 80 
fluxgate magnetometer is based on the non- 
linear or asymmetric characteristics of the 
magnetically saturable transformer which is 
used in the sensing element. As seen in Fig- 
ure 4, the device has a toroidal or annular 85 
core 62 on which is appropriately wound 
(winding details not shown) an input or 
primary winding 64 and an output or secon- 
dary or sensing winding 66. Core 62 is made 
of a material With a square B-H hysteresis 90 
curve such as permalloy. The characteristic 
of this device is such that when the core is 
saturated by appropriate AC energizing of 
the primary wmdihg in the absence of an 
external magnetic field, the output of the 95 
secondary windings, i.e. the voltage induced 
in the secondary windings is symnaetrical, i^e. 
contains only odd harinonics. of the funda- 
mental of the d|riving current. However, in 
the presence of an external magnetic signal .100 
field such as the earth's magnetic field, the 
output voltage of the secondary windings 
becomes asymmetrical with second and J 
other even harmonics of the primaiy fre- 
quency appearing at the output of the secon- 105 
dary windmgs. This asymmetry is related in 
direction and magnitude to the signal field 
and can be detected by several known tech- 
niques. Discussions of such fluxgate mag- 
netometers can be. found in the article by 110 
Gordon; and Brown, IEEE Transactions on 
Magnetics, Vol. Mag-8, No. 1, March 1972, 
and the article by Geyger, Electronics, June 
1, 1962 and in the article by R. Munoz, 
AA-3.3., 1 966 National Telemetering Con- j 15 
f erence Proceedings, to. all of whipb refer-: 
ence is made for a more detailed discussion 
of constructipn and theory of operation of 
the magnetometer. 

As employed in the present apparatus, 120 
the input to the primary windings 64 drives 
core 62 to saturate twice for each cycle of 
the primary winding input. The moment in 
time that the core saturates is related to the 
ambient external magnetic field that biases 125 
the drive field in the core. That is, satura- 
tion of the core varies as a function of the 
intensity and direction of the earth's magne- 
tic field, which field is indicated diagramma- 
tically by the flux lines in Figure 4. 130 
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Sensor 58 is physically supported on a 
shaft 68 which is fixed in drill string segment 
26 A and is on or parallel to the axis of rota- 
tion of drill string segment 26A. While the 
5 drill string is being rotated, rotation sensor 
58 is also being rotated in the ambient 
magnetic field of the earth. As rotation sen- 
sor 58 is rotated, the combined action of the 
input to primary windings 64 and the 

10 ambient magnetic field of the earth result in 
a varying phase shift in the second harmonic 
output at secondary windings 66. 

Referring now to Figure 5, a block dia- 
gram of the rotation sensor output signal 

15 processing is illustrated. The input to prim- 
ary winding 64 emanates from an oscillator 
61, the output frequency of which is divided 
in half by divider 63 arid then delivered to 
amplifier 65 and then delivered to pririiary 

20 winding 64. The output from secondary 
winding 66, which is tuned to the second 
harmonic of the primary winding input by 
capacitor 67, is delivered to a buffer ampli- 
fier 69 and then to phase detector 70A of 

25 detector 70. Detector 70 also includes low 
pass filter 70B and amplifier 70C. The out- 
put of oscillator 61 (which is equal in fre- 
quency to the second harmonic output of 
secondary winding 66) is ialso delivered to 

30 phase detector 70A. The phase angle of the 
second harnionic output of secondary wind- 
ings 66 is a function of the rate of rotation of 
magnetometer 58, and that phase angle 
varies as a function of changes in the rate of 

35 rotation of magnetometer 58. The output of 
secondary winding 66 is compared with the 
output of oscillator 61 in phase detector 
70A, where the difference in phase between 
the two is detected and delivered to low pass 

40 filter 70B . The output from filter 70B (when 
the drill string is rotating) is an alternating 
signal which varies in freqiiehcy as a func- 
tion of the rate of change of the phase angle 
of the second hatimdriic: output of isecondary 

45 winding 66r i.e. the butpm^ filter 70B 
varies in frequency as a function of changes 
in the rate of rotation of the drill string. The 
output from filter 70B is amplified in ampli- 
fier 70C and is then dfeliyered to a zero cros- 

50 sing detector 72 which produces an output 
pulse each tihie the alternating signal from 
detector 70 crosses through the zero value. 
The pulses generated by crossing detector 
72 (which are also a function of the rate of 

55 rotation of the drill string) are delivered to a 
digital filter 74 which produces output sig- 
nals commensurate with states of rotation 
and no rotation. 

Referring also to Figure 5 A, digital filter 

gQ 74 includes a counter-divider 75, an S-R 
type flip flip 76, J-K type flip-flops 77 and 
78, and an AND gate 79 connected as 
shown. The output pulses from zero cros- 
sing detector 72 are delivered to the C input 

g5 of counter-divider 75. Assuming the drill 



string is normally rotating, the pulses deli- 
vered to counter 75 cause counter 75 to 
overflow before being reset by a clock pulse 
CPN (which may be any selected subdivi- 
sion of a clock pulse commensurate with a 70 
predetermined minimum rate of rotation), 
whereby the Q output of counter 75 goes 
high. TTie Q output of counter 75 is con- 
nected to the S input of flip-flop 76 and the 
high state of the Q output of counter 75 sets 75 
flip-flop 76, whereby the_Q output of flip- 
flop 76 goes high and the Q output goes low. 
ThepQ output of flip-flop 76 is connected to 
the J input of flip-flop 77. Flip-flop 77 is ini- 
tially cleared by a reset pulse ICLEAR 80 
which may be obtained from any convenient 
place in the system upon the initiation of 
power in the control system. The J input of 
flip-flop 77 is examined by the leading edge 
of each pulse CPN delivered to the C input 85 
of flip-flop 77 whereby the J input is deli- 
vered to the Q output. Thus, when the drill 
string is normally rotating, counter 75 repe- 
atedly overflows and is then reset by clock 
pulses CPN; flip-flop 76 is repeatedly set by 90 
the Q output from counter 75 and reset by 
the upper level of clock pulses CPN; and the 
J input of flip-flop 77 is low each time it is 
examined by the leading edge of the CPN 
pulse at the C input of flip-flop 77. The Q 95 
output of flip-flop 77 is thus also low when 
the drill string is normally rotating; and a 
first output level indicating rotation is deli- 
vered from filter 74 (see Lever X, Figure 
6C). 100 

Referring again to Figure 6, the various 
signals discussed above are shown graphical- 
ly. The abscissa in each graph is time, and 
the ordinate in each graph is signal; magni- 
tude. Figure 6A shows the second harmonic 105 
output of detector 70, Figure 6B shows the 
pulse output of zero crossing detector 72, 
and Figure 6C shows the outputs from digit- 
al filter 74. From time Ti to T2 in all the 
graphs, the drill string is rotating at constant 110 
speed. As the drill string slows down when 
approaching a state of no rotation (after 
time T2) , the frequency of the alternating 
output of detector 70 decreases, thus result- 
ing in a lower frequency output from zero 115 
crossing detector 72. ^ - - 

When the rotation of the drill string 
ceases, or the rate of rotation drops to a 
very low rate on the way to a state of no 
rotation, the pulses from zero crossing de- 120 
tector 72 drop below a predetermined mini- 
mum frequency corresponding to a prede- 
termined low rate of rotation of the drill. 
Since the angular velocity of the drill string 
must go through decreasing levels in going 125 
from normal to zero rotation, a predeter- 
mined low rate (on the order of 3 rpni or 
less) can be used as a signal of no. rotation, 
in that rotation is about to cease and will 
have ceased within the time required to in- 130 
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itiate operation of desired sensors which op- 
erate when rotation has ceased. 

When rotation ceases or drops below the 
predetermined low rate, which signals the 
5 imminence of the state of no rotation, coun- 
ter 75 does not overflow before being reset 
by the clock pulse CPN. Thus the Q output 
of counter 75 stays low, and flip-flop 76 does 
not get set. Since flip-flop 76 does not set, 

10 the Q output of flip-flop 76 is high and the J 
input of flip-flop 77 is high. The leading 
edge of clock pulse CPN then sets flip-flop 
77 whereby the Q output of flip-flop 77 is 
high (see level Y of Figure 6C) inclicating 

15 the state of no rotation. Thus, when the pre- 
determined minimum frequency output 
from zero crossing detector 72 is maintained 
for a given time period from Tz to T3 (e.g. 
ten seconds), the digital filter output (i.e. 

20 the Q level of flip-flop 77) is switched, as 
shown in Figure 6C, to a second level in- 
dicating a state of no rotation (see level Y of 
Figure 6C). This second output level, com- 
mensurate with a condition of no rotation, is 

25 then used as a control signal for arming or 
powering the other sensor elements in sen- 
sor unit 44. prior to generation of this con- 
trol signal, the other sensor elements in unit 
44 are not powered. The control signal (i.e. 

30 the second output level from digital filter 
74) is used as a signal to arm or deliver the 
power from generator 54 to valve driver 57 
and to those other sensor elements, such as 
by operating flip-flops or arming gates to en- 

35 able power to be delivered to the other sen- 
sor elements in sensor unit 44 or in any 
other desired fashion to that end. 
WHAT WE CLAIM IS:- 
1. A rotation sensor for sensing when 

40 the rate of rotation of a rotatable member in 
an ambient magnetic field falls below a pre- 
determined minimum and for then activat- 
ing a control mechanism, comprising a flux- 
gate magnetometer for generating an output 

45 signal as a function of the angular relation- 
ship of the magnetometer to the direction of 
the ambient magnetic field, said fluxgate 
magnetometer being mounted for rotation 
with said rotable member, means for gener- 

50 ating and delivering an alternating input sig- 
nal to said fluxgate magnetometer, said flux- 
gate magnetometer being arranged to pro- 
duce when rotating a first output signal 
which is an even harmonic of said input sig- 

55 nal, a first detector connected to receive 
said first output signal, means for generating 
a reference signal of the frequency of said 
first output signal, said reference signal 
being delivered to said first detector, said 

60 detector being arranged to compare the 
phases of said first output signal and said re- 
ference signal and to generate a second out- 
put signal representative of the phase differ- 
ence, the frequency of which being repre- 

65 sentative of the rate of rotation of the rot- 



able member, second detector means con- 
nected to receive said second output signal 
and arranged to generate a third output sig- 
nal each time said second output signal cros- 
ses a reference level, and signal generating 70 
means connected to receive said third out- 
put signal and arranged to generate a fourth 
output signal when said third output signal 
occurs at a rate representative of a rate of 
rotation below said predetermined 75 
minimum. 

2. A rotation sensor as claimed in claim 
1 wherein said fluxgate magnetometer is a 
ring core fluxgate magnetometer. 

3. A rotation sensor as claimed in claim 80 
1 or 2 wherein the first output signal is the 
second harmonic of said input signal. 

4. A rotation sensor as claimed in claim 
3 wherein said reference signal is a signal 
having a frequency equal to twice the fre- 85 
quency of and in phase with the input signal 

to said magnetometer. 

5. A rotation sensor as claimed in any 
preceding claim wherein said detector is a 
zero crossing detector arranged to generate 90 
a pulse signal on the zero crossings of the 
second output signal; 

6. A rotation sensor as claimed in claim 
5 wherein said signal generating means com- 
prises a counter for counting the pulse of 95 
said third output signal, said counter being 
arranged to be reset at predetermined inter- 
vals, and logic means connected to receive 

the output from said counter to generate 
said fourth output signal in dependence on 100 
the state of said counter at said predeter- 
mined intervals. 

7. A rotation sensor as claimed in any 
preceding claim arranged to sense the abs- 
ence of rotation of a drill string in the earth's 105 
magnetic field. 

8. A method of sensing when the rate of 
rotation of a drill string in the earth's 
magnetic field falls below a predetermined 
minimum and for then activating parameter 110 
sensing means, comprising the steps of 
rotating fluxgate magnetometer means in 

the earth's magnetic field to generate an 
output signal as a function of the angular re- 
lationship of the magnetometer means to 115 
the direction of the earth's magnetic field, / 
delivering an input signal to said fluxgate 
magnetometer means, said fluxgate magne- 
tometer means having a first output signal 
which is an even harmonic of said input sig- 120 
nal, generating a reference signal of the fre- 
quency of said first output signal, comparing 
the phases of said first output signal and said 
reference signal and generating a second 
output signal representative of the phase 125 
difference, the frequency of which is repre- 
sentative of the rate of rotation of the drill 
string, generating a third output signal each 
time said second output signal crosses a re- 
ference level, and generating a fourth out- 130 
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put signal when said third output signal 
occurs at a rate representative of a rate of 
rotation below said predetermined 
minimum. . 

9. A rotation sensor substantially as 
hereinbefore described with reference to, 
and as illustrated in, the accompanying 

drawings. . ^^ ^ s 

10. A method of sensmg the absence ot 



rotation of a drill string substantially as 10 
hereinbefore described with reference to, 
and as illustrated in, the accompanying 
drawings. 

For the Applicants, 
FRANK B. DEHN& CO., 15 
Imperial House, 
15-19 Kingsway, 
London, WC2B 6UZ. 
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